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(57) Abstract 

The need for the delivery of insulin by injection can be reduced or eliminated by delivering an aerosolized monomeric insulin 
formulation. Repeatability of dosing and more particularly the repeatability of the blood concentration versus time profile is improved 
relative to regular insulin. The blood concentration versus time profile is substantially unaffected by specific aspects of the patient's 
breathing maneuver at delivery. Further, the rate at which blood glucose is lowered is increased by the use of monomeric insulin. Particles 
of insulin and in particular monomeric insulin delivered to the surface of lung tissue will be absorbed into the circulatory system. The 
monomeric insulin may be a dry powder but is preferably in a liquid formulation delivered to the patient from a hand-held, self-contained 
device which automatically releases an aerosolized burst of formulation. The device includes a sensor which is preferably electronic which 
measures inspiratory flow and volume which measurement can be used to control the point of drug release. 
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METHOD OF USE OF MONOMERIC INSULIN AS A MEANS 
FOR IMPROVING THE REPRODUCIBILITY OF INHALED INSULIN 



FIELD QFTHE INVENTION 
5 This invention relates generally to a method of aerosolized drug delivery. More 

specifically, this invention relates to the controlled intrapuimonary delivery of a 
monomeric insulin alone or in combination with other treatment methodologies which are 
combined to significantly reduce or eliminate the need for administering insulin by 
injection. 

10 BACKGROUND OF THE TNVFNTTON 

Diabetes Mellitus is a disease affecting approximately 7.5 million people in the 
United States. The underlying cause of this disease is diminished or absent insulin 
production by the Islets of Langerhans in the pancreas. Of the 7.5 million diagnosed 
diabetics in the United States, approximately one-third are treated using insulin 

15 replacement therapy. Those patients receiving insulin typically self-administer one or 
more doses of the drug per day by subcutaneous injection. Insulin is a polypeptide with a 
nominal molecular weight of 6,000 Daltons. Insulin has traditionally been produced by 
processing pig and cow pancreas to allow isolation of the natural product. More recently, 
recombinant technology has made it possible to produce human insulin in vitro. It is the 

20 currently common practice in the United States to institute the use of recombinant human 
insulin in all of those patients beginning insulin therapy. 

It is known that most proteins are rapidly degraded in the acidic environment of the 
GI tract. Since insulin is a protein which is readily degraded in the GI tract, those in need 
of the administration of insulin administer the drug by subcutaneous injection (SC). No 

25 satisfactory method of orally administering insulin has been developed. The lack of such 
an oral delivery formulation for insulin creates a problem in that the administration of 
drugs by injection can be both psychologically and physically painful. 

In an effort to provide for a non-invasive means for administering insulin, and 
thereby eliminate the need for hypodermic syringes, aerosolized insulin formulations have 

30 been tested. Aerosolized insulin formulations have been shown to produce insulin blood 
levels in man when these aerosols are introduced onto nasal or pulmonary membrane. 
Moses et al. [Diabetes, Vol. 32, November 1983] demonstrated that a hypoglycemic 
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response could be produced following nasal administration of 0.5 units/kg. Significant 
inter-subject variability was noted, and the nasal insulin formulation included unconjugated 
bile salts to promote nasal membrane penetration of the drug. Salzman et al. [New 
England Journal of Medicine, Vol. 312, No. 17] demonstrated that an intranasal 
aerosolized insulin formulation containing a non-ionic detergent membrane penetration 
enhancer was effective in producing a hypoglycemic response in diabetic volunteers. 
Their work demonstrated that nasal irritation was present in varying degrees among die 
patients studied. In that diabetes is a chronic disease which must be continuously treated 
by the administration of insulin and in that mucosal irritation tends to increase with 
repeated exposures to the membrane penetration enhancers, efforts at developing a non- 
invasive means of administering insulin via nasal administration have not been 
commercialized. 

In 1971, Wigley et al. [Diabetes, Vol 20. No. 8] demonsttated that a hypoglycemic 
response could be observed in patients inhaling an aqueous formulation of insulin into the 
15 lung. Radio-immuno assay techniques demonstrated that approximately 10 percent of the 
iiJvaled insulin was recovered in the blood of the subjects. Because the surface area of 
membranes available to absorb insulin is much greater in the lung than in die nose, no 
membrane penetration enhancers are required for delivery of insulin to the lungs by 
inhalation. The inefficiency of delivery seen by Wigley was greatly improved in 1979 by 
20 Yoshida et al. [Journal of Pharmaceutical Sciences, Vol. 68. No. 5] who showed that 

almost 40 percent of insulin delivered directly into the trachea of rabbits was absorbed into 
the bloodstream via the respiratory tract. Both Wigley and Yoshida showed that insulin 
delivered by inhalation could be seen in Uie bloodsuream for two or more hours following 
inhalation. 

Aerosolized insulin dierefore can be effectively given if the aerosol is appropriately 
delivered into the lung. In a review article. Dieter Kohler [Lung, supplement pp. 
677-684] remarked in 1990 that multiple studies have shown that aerosolized insulin can 
be delivered into and absorbed from the lung widi an expected absorption half-life of 
15-25 minutes. However, he comments that "the poor reproducibility of the inhaled dose 
30 [of insulin] was always the reason for terminating these experiments." This is an 

important point in that the lack of precise reproducibility with respect to the admmistration 
of insulin is critical. The problems associated with die inefficient administration of insulin 



25 
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cannot be compensated for by administering excess amounts of the drug in that the 
accidental administration of too much insulin could be fatal. 

Effective use of an appropriate nebulizer can achieve high efficiency in delivering 
insulin to human subjects. Laube et al. [Journal of Aerosol Medicine, Vol. 4, No. 3, 

5 1991] have shown that aerosolized insulin delivered from a jet nebulizer with a mass 
median aerodynamic diameter of 1.12 microns, inhaled via a holding chamber at a slow 
inspiratory flow rate of 17 liters/minute, produced an effective hypoglycemic response in 
test subjects at a dose of 0.2 units/kg. Colthorpe et al. [Pharmaceutical Research, Vol. 9, 
No. 6, 1992] have shown that aerosolized insulin given peripherally into the lung of 

10 rabbits produces a blood concentration versus time profile of over 50 percent in contrast to 
5.6 percent blood concentration versus time profile seen for liquid insulin dripped onto the 
central airways. Colthorpe's work supports the contention that aerosolized insulin must be 
delivered peripherally into the lung for maximum efficiency and that inadvertent central 
deposition of inhaled aerosolized insulin will produce an effect ten times lower than that 

1 5 desired. Variations in dosing of 10-fold are clearly unacceptable with respect to the 
administration of most drugs, and in particular, with respect to the administration of 
insulin. 

The present invention endeavors to provide a non-invasive methodology for 
enhancing treatment of diabetic patients via aerosolized delivery. 
20 .NUMMARY OF THE INVENTION 

A pharmaceutical composition for pulmonary administration is disclosed, wherein 
an active ingredient of the composition is a monomeric insulin. The composition may be 
in the form of a dry powder or flowable liquid which is preferably an aqueous solution and 
the composition may further comprise a pharmaceutically acceptable carrier. 
25 A preferred monomeric insulin is insulin lispro and the composition is comprised 

such that it can readily create an aerosolized dispersion. The dispersion will contain 
particles that can be inhaled, and preferably inhaled into the alveolar capillaries of the 
lungs. Preferred particles of the dispersion have a diameter in the range of about 1.0 
micron to about 4.0 microns. 
30 Aerosolized delivery of insulin is disclosed wherein the insulin is monomeric 

insulin. Aerosolized delivery of monomeric insulin is significantly less affected by an 
inhaling patient's breathing pattern as compared to the effect on conventional recombinant 
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MO. specfflcan,. maximun, i»u,in ^n..«on «^ a». U« Un» 

Lea aner livery of a«o»,ize<. Acco,a>„.>y , a degree of r^-^ 
Hn, ean be obuined (wi* —i c losuUn a. compare. ,0 .^.ar « 
. s»bs.a«i-«y -no. p^oica. for pa.i=n,s » co„.ro> g.uco. ,eveU b, *.ing 
tt^y making diabetfcstessdependeM on injecrtnginsulm. 

When delivering «rosoli«d i«ulin ^ paden. can be coached (by .eachmg and/o, 
^ U» device .hich n^su^ flow and/or vo.„n«) .o inbale a. a given ra« an. » 
l,eag.venan«n.ofair(t«forea».a«er*cae.so>isreieased, On= «, «. f.»^^^n^ 
0 lo Jhere i» d. i*aied voK..« « de,ive„ doea no. .bs^nUaiiy a«.. d. biood 
concen.«ion v«». <in» proffle for *e aerosoli«d delivery of monomenc 
However, U,e i^ale. volume a. deli^r, does anbs.»ia.ly affec. .be blood co^e^xauon 

.ime profile of regular insulin. Accordingly. or« .spec, o, *e inve«.on . U« 
ae»»H.ed delivery of monomeric insulin wid,ou. regard » respira»ry maneuver 

... A cArnnrf asncci of thc invention is aerosoluea 
15 narameters such as inhaled volume. A second aspect oi m 

2ery Of insulin wbicb is monomeric insulin wbUe measuring inh.ed volume »d 
i^ng ^ *e inbaled volume is (1) repea^d for each dose in d« same .«>un. 0) 
preferably a large inbaied volume, e.g. 80% or more of ,he lung capaCy o, ^ « 
Luld J no«d «, obum mos. rep«a.ab,e resul. ,ha, monomenc msulm sb«Ud ^ 
30 delivered eacb .ime a. subs»«ially *e same inspira.or, flow ra. and insp,r..o^ vob^ 
„ deUvery and such deliver, sb«.ld be followed by .he san« inhaled voiume whu* .s 
oreferably a maximum inhaled volume. 

The monomerie insulin formularion may be in any form, e.g., a dry powder, or 
dispersed or dissolved in a U,w boUing poin. propellan.. However, ^ formulaUon . 

. 1. o r.H rioQE to 7 4 ± 1.0 which can be 
25 more preferably an a>,ueoussolunon having a pH close m 7.1 ± 

ae Jli^ parricles having a pardcle dian»«r in .he range of abou. 1 .0 .o ab<.M^ 
microns. Fonnuladons of monomeric msulin are preferably aerosolized and adm.n.s^ 
Via hand-held, self-conuined devices which are a„»ma.ically acn.a«d a. U« same rele,« 
poim in a padem's insp.a»ry flow cycle. The release poin. is au»maaca.ly de«nmned 
30 eiU^r mechanically or, more preferably calcula«d by a microprocessor wh,ch rece,^ 
da« fr^n a sensor making i. P^sible . de^nnine inspira^ry flow ra« and 
v„Km«. The device can measure parame«rs including h,spira»>ry flow ra«s .»i volumes 
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and provide information to the patient which can aid in controlling the patient's respiratory 
maneuvers. Preferably the device is loaded with a cassette comprised of an outer housing 
which holds a package of individual disposable collapsible containers of a monomeric 
insulin analog containing formulation for systemic delivery. Actuation of the device forces 
5 the monomeric insulin formulation through a porous membrane of the container which 
membrane has pores having a diameter in the range of about 0.25 to 3.0 microns, 
preferably 0.25 to 1.5 microns. The porous membrane is positioned in alignment with a 
surface of a channel through which a patient inhales air. 

The dose of insulin analog to be delivered to the patient varies with a number of 
10 factors - most importantly the patient's blood glucose level. Thus, the device can deliver 
all or any proportional amount of the formulation present in the container. If only part of 
the contents are aerosolized the remainder may be discarded. By delivering any 
proportional amount of a container the patient can adjust the dose to any desired level 
while using containers which all contain the same amount of monomeric insulin. 
15 Smaller particle sizes are preferred to obtain systemic delivery of insulin analog. 

Thus, in one embodiment, after the aerosolized mist is released into the channel the air 
surrounding the particles may be heated in an amount sufficient to evaporate carrier and 
thereby reduce particle size. The air drawn into the device can be actively heated by 
moving the air through a heating element which element is pre-heated prior to the 
20 beginning of a patient's inhalation. The amount of energy added can be adjusted 

depending on factors such as the desired particle size, the amount of the carrier to be 
evaporated, the water vapor content of the surrounding air and the composition of the 
carrier (see U.S. Patent 5,522,385 issued June 4, 1996). 

To obtain systemic delivery it is desirable to get the aerosolized formulation deeply 
25 into the lung. This is obtained, in part, by adjusting particle sizes. Particle diameter size 
is generally about one to three times the diameter of the pore from which the particle is 
extruded. In that it is technically difficult to make pores of 1.0 microns or less in diameter 
the use of evaporation can reduce particle size to 3.0 microns or less even with pore sizes 
well above 1 micron. Energy may be added in an amount sufficient to evaporate all or 
30 substantially all carrier and thereby provide particles of dry powdered insulin or highly 
concentrated insulin formulation to a patient which particles are uniform in size regardless 
of the surrounding humidity and smaller due to die evaporation of the carrier. 

-5- 
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adalUon » adjusting panicle size, systemic deliver, of i»u.i„ is o «u^b, 
^.easing an aerosolized dose a. a desired poin, in a pa<ie«'s respiraior, cycle. When 
providing sys^nric delivery it is impor^nt *a. *e delivery be reproducble. 

^.roducible dosing of insuUn ,o *e partem is obrained by: (1) usrng monomenc 
. i.„Un Which has been shown here io be less a«^«d by .he parienVs respirarory pa,«m, 
and/or; (2,providi„g for .u>on».ic release of fomu,.adon in r«ponse «, a de— 
Cir:»r^nowra,eand.neasnredinspira.r,voln.ne. ^ au«,»,ic ...ease 
involves measuring for, de^rmining and/or calcuhring a firing porm or 
ecision based on ins— sly (or real Ume, calcu,a«d. n«asured and/or de«muned 
„ r^piraroryflowrareandinspiraroryvolnn^poin.. To obrain repearabilin, u>^J^^ 
flrlarion is reP^redly released a. .he same measu». (1) inH«or, flow an^P, 
.^pir.,0^ vo.nn«. To maximize emciency of deliver, aeroso. are . ease^ « 0) a 
ZJlnspira^ry now ra« inure range of from abon.0.noabou...0.n«s,seco^ 

^ C2, a measn^d inspira». v„,nn,e in .be range of abon. 0.. . ab<». l.S U.«^A^ 
,5 ^ aerosol is release. ^ parien. p«ferabl, conU^es inhaling .0 a maxunmn mbaUuon 

Aprin,.„objec.o,d,einvemionis.op,.videforame,hcdofincreasing*e 
^alabili., a. which glucose levels can be connolled by aerosol deliver, of monomerrc 

An advamagc of invemion is d«. *e ae^solized delivery of monomeric insuUn 
. subsumUlly less affiled by a paaen.-s breaking maneuvers during deli^r, a^ 
compared .o regular insulin ^ speciHe..., is less a,«ec«d by how much U» pa.«n. 
inhales after aerosolized delivery. 

A feanrre of *= — is *e commercial., available insulm .«pro can he used 

" " "Her cbiec, is .o provide a med.od of adminis^ring a monomeric insulin analog 
rormnUUon .o a paUen, wherein .he formulation is repeatedl, deUvered to a pad™, a. d.e 
same measured ir^ira.., flow ra,e (in Ore range of 0.1 .0 2.0 li»s/second and 
separately de^rmined inspirau.., volume (..ginning delivery in *e range of 0.15 to . .5 
30 liters and continuing inspiration to maximum, e.g. , 4-5 hters). 
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Another object of the invention is to combine delivery therapies for inhaling 
monomeric insulin with monitoring technologies so as to maintain tight control over the 
serum glucose level of a patient suffering from diabetes mellitus. 

Another object of the invention is to provide a device which allows for the 
5 intrapulmonary delivery of controlled amounts of monomeric insulin formulation based on 
the particular needs of the diabetic patient including serum glucose levels and insulin 
sensitivity. 

Another object of the invention is to provide a means for treating diabetes mellitus 
which involves supplementing monomeric insulin administration using an intrapulmonary 
10 delivery means in combination with injections of insulin and/or oral hypoglycemic agents 
such as sulfonylureas. 

Another advantage of the present invention is that the methodology allows the 
administration of a range of different size doses of monomeric insulin by a convenient and 
painless route, thus decreasing the probability of insulin overdosing and increasing the 
15 probability of safely maintaining desired serum glucose levels. 

Another feature of the device of the present invention is that it may be progranuned 
to provide variable dosing (from the same size container) so that different doses are 
delivered to the patient at different times of the day coordinated with meals and/or other 
factors important to maintain proper serum glucose levels with the particular patient. 
20 Another feature of the invention is that the portable, hand-held inhalation device of 

the invention can be used in combination with a portable device for measuring serum 
glucose levels in order to closely monitor and titrate dosing based on acmal glucose levels. 

Yet another feature of the invention is that the microprocessor of the delivery 
device can be programmed to prevent overdosing by preventing formulation release more 
25 than a given number of times within a given period of time. 

Another object of the invention is to adjust particle size by heating air surrounding 
the particles in an amount sufficient to evaporate carrier and reduce total particle size. 

Another object is to provide a drug delivery device which includes a desiccator for 
drying air in a manner so as to remove water vapor and thereby provide consistent particle 
30 sizes even when the surrounding humidity varies. 

Another object is to provide a device for the delivery of aerosols which measures 
humidity via a solid state hygrometer. 
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A feature of the invention is that drug can be dispersed or dissolved in a liquid 
carrier such as water and dispersed to a patient as dry or substantially dry particles of 

monomeric insulin. 

Another advantage is that the size of the particles delivered will be relatively 

5 independent of the surrounding humidity. 

It is an object of this invention to demonstrate a novel application for Humalog as 
a monomeric insulin analog well suited for pulmonary drug delivery. 

It is an object of this invention to demonstrate that Humalog"™ provides unique 
benefits when delivered via the lung by reducing the degr^ to which lung sequestration 
1 0 occurs following aerosolized delivery . 

It is an object of this invention to demonsttate that aerosolized delivery of 
Humalog^ in place of conventional formulations of recombinant human insulin makes a 
repeatable blood concentration versus time profile substantially less dependent of the 
patients final inhaled volume at delivery. 
15 It is an object of this invention to demonstrate that by increasing the blood 

concentration versus time profile of the delivered monomeric insulin such as Humalog™ 
(regardless of breathing maneuver after delivery) that a more reproducible and consistent 
effect on senim blood glucose can be achieved. 

It is another object of this invention to demonstrate that the increased reproducibility 
20 seen after the delivery of Humalog™ via aerosolization into the lung results in a more 
economical approach to the puhnonary drug delivery of insulin than offered by the 
delivery of regular recombinant human insulin to the lung via aerosohzation. 

These and other objects, advantages and feamres of the present invention will 
become apparent to those persons skilled in the art upon readmg the details of the structure 
25 of the device, formulation of compositions and methods of use. as more fully set forth 
below. 

ppj pp nF^rRTPTTON OF TH F DRAWINGS 
Figure 1 is a graph plotting the change in serum insulin levels over time following 
different methods of insulin administration; 
30 Figure 2 is a graph plotting the change in immunoreactive insulin in blood serum 

over time following diffei^nt methods of insulin lispro administration. 

Figure 3 is a graph showing V, and V„ in a preferred breathing pattern at delivery. 
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DFT AILED DF.SrRTPTION OF PRHFERRFD EMBODIMENTS 
Before the present method of delivering aerosolized monomeric insulin to treat 
diabetes mellitus and devices, containers and formulations used in the treatment are 
described, it is to be understood that this invention is not limited to the particular 
5 methodology, containers, devices and formulations described, as such methods, devices 
and formulations may, of course, vary. It is also to be understood that the terminology 
used herein is for the purpose of describing particular embodiments only, and is not 
intended to limit the scope of the present invention which will be limited only by the 
appended claims. 

10 It must be noted that as used herein and in the appended claims, the singular forms 

"a," "and," and "the" include plural referents unless the context clearly dictates otherwise. 
Thus, for example, reference to "a formulation" includes mixtures of different 
formulations, reference to "an analog" refers to one or mixtures of insulin analogs, and 
reference to "the method of treatment" includes reference to equivalent steps and methods 

15 known to those skilled in the art, and so forth. 

Unless defined otherwise, all technical and scientific terms used herein have the 
same meaning as commonly understood by one of ordinary skill in the art to which this 
invention belongs. Although any methods, devices and materials similar or equivalent to 
those described herein can be used in the practice or testing of the invention, the preferred 

20 methods, devices and materials are now descril)ed. All publications mentioned herein are 
incorporated herein by reference for the purpose of describing and disclosing devices, 
formulations and methodologies which are described in the publication and which might be 
used in connection with the presently described invention. 

Publications cited herein are cited for their disclosure prior to the filing date of the 

25 present application. Nothing here is to be construed as an admission that the inventors are 
not entitled to antedate the publications by virme of an earlier priority date or prior date of 
invention. Further the actual publication dates may be different from those shown and 
require independent verification. 

DEFINITIONS 

30 The term "insulin" shall be interpreted to encompass fast acting "regular" insulin, 

natural extracted human insulin, recombinantly produced human insulin, insulin extracted 
from bovine and/or porcine sources, recombinantly produced porcine and bovine insulin 
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The term is intended to encompass the 
anH niixtures of any of these insuhn products. The term is mien 

— . Re^.ar insulin i. P« — , P™-u^ »<i 
; dehydrated WlyOrted) or in sCuaon. For purposes of preset 

JenUon insulin is particularly charac^ri^ by molecules wKich form complexes. 
;:,^,y.«xan«rainso,u,ionand«henin...hnn»nbcd,a.he«™.rcon,p.^ 

disassocUB much more slowly lhai>..K>iK»«ricms»lm. 

The -monomerfc ir^ulu,- is i«ended .o e«ompasa an, form of an .nsulm molecule 
0 which is different from regular insuih, wh„eh, the difference results in the insulin 
™,^„les no. malnuining hexamer complexes iu a hum«. which h«tamers are 
Iracteristic of Insulin. Monomeric insulin exists predominand, m a monom^ orm » 
d,ssocu,esin,oamon™nericforminthehum.nh<-y. Thecj^^^ 

I mlomeric form may 1. caused hy o.» or more of the .mi«. acds wtdun the 
, 5 ^.ypepUde chain l^ing replaced with an alternative amino acid and,or whe«m o.« « 
2Tf the amhto acids has been deleted or whereh. one or more addittonal amtno 
Thl added to the polypept.e chain or amino ac« se,uences which act as u^ Im m 

^ glucose levels and/or where bonds such as di^f-e bonds are 
^oloved 1^ pcsiUon relative ,„ natural human insulin. The change ma, a.o h, 
,0 rjr,using..ifferentsa,tfom,e.,. replacing the .nc cations with sodium ea^™.. 

m tx^t^ric insulin is insulin lispro m a .inc salt form as -i-io-^" _ 
T^.SM1.^. issued Aug... 20. 19,6 and see also 5,5H.646 and 5.700, .2 aU of 
!:;^lh«rporatedherelnb,refere«e..tshould.no.ed.hatinsulmaswe,las 

™o„omericinsulinwaidis«socUteimomonomericfom.over.ime. However. 

.5 Ileric insuun wUl disassociate htto the mon^neric form, in a hu„»n body. a. twtce 
~rfasterthaninsu,inwhenUisadministeredsul».Uneo.ly. should . no,^ 

I L„ lispro disass^iates into the n»nom«ic form a. approxit^.y ^ — 
rate as compared to regular it^ulin when it is administered subcu.an«>usi,. 

m terms -V^- and -high volume- are used imerch^^eabl, here «,d shall ^ 
,0 that a«er an aerosol^d dose is create the patient inhales the dose and conti™«s to mha. 
a high volume. More sp^iftcally. the patient i.*a.es a high volume whKh ts 
applxin^tel, 80. or more of the patient's total lung capacity. For an adult wtth a 5 luer 
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lung volume the inhalation would be approximately 4 liters or more i.e. up to the total lung 
volume. Some error should be accounted for. Thus the high volume can be 65% to 100% 
of the total lung volume depending on the lung volume of the patient. Within the specific 
examples shown here the high inhaled volume for healthy male patients with a total lung 
volume of approximately 5 liters was in general about 4.7 liters. High volume is 
preferably as close to 100% as the patient can inhale. 

The terms "Vl" and "Low volume" refer to a smaller inhaled volume as compared 
to an inhaled high volume of air with the aerosolized delivery of insulin. Even without 
inhaling the lung will retain some air. Thus, a low inhaled volume is approximately 40% 
plus or minus 15% of the patient's total lung volume. For the experiments shown here a 
low inhaled volume involved inhaling approximately 3 liters or less. It should be noted 
that inhaled volumes are volumes recorded at Body Temperature and Pressure Standard, 
i.e. the units are liters (btps). The terms V,. V„ can be further understood in connection 
with Figures 3 and it description. 

The term "acceptable serum glucose level" is intended to mean a glucose level 
above 50 mg/dl and below 300 mg/dl, more preferably 80 mg/dl to 200 mg/dl and most 
preferably about 100 mg/dl. It will be understood by those skilled in the art that levels of 
about 50 mg/dl are considered low and that levels of about 300 mg/dl are considered high, 
although acceptable in the sense that these levels are generally not fatal. It is an important 
aspect of the invention to maintain more acceptable levels which are above the low of 50 
mg/dl and below the high of 300 mg/dl with it being more acceptable to deliver doses of 
insulin so as to keep the patient as close as possible to about 100 mg/dl. 

The term "blood concentration versus time profile" shall be interpreted to mean the 
concentration of a drug in the blood or plasma over time. This can be characterized by 
means of a graph showing the concentration of a drug (e.g. insulin or an insulin analog or 
"immunoreactive insulin" as a surrogate measurement for an insulin analog such as insulin 
lispro) on the Y axis and time on the X axis. The blood concentration versus time profile 
can also be characterized by certain pharmacokinetic parameters such as Cmax 
(the maximum concentration of the drug seen over the measured time interval) and Tmax 
(the time at which Cmax was observed). Note that, by these criteria, two different blood 
concentration versus time profiles may be associated with similar or even identical 
bioavailability measurements. The blood concentration versus time profile is crucial for 
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10 



such as imuUn insulin analogs where U« toe a, which peak concen.««on 
p^erahly occurs in coniuncion with peaR blood glucose levels following a ^. 
Differen, of for .wo different insulin preparaUons or deliver, meOKKis could 
O^for. b. associaKd wiU. significant differences in safety and efficacy. 

The term "dosing eveof shall he interpreted to mean the adtninistration of regular 
insulin atKl/or monomeric tasulin to a patient in need thereof by tite intrapulmonary route 
0, adtmnistradon which even, may encompass one or more releases of formulation ftom a 
dispensing device (ftom one or more comah^rs, over a period of Umc of 15 minu^s or 
,ess, preferably 10 mh»es or 1... arui more preferably 5 minu«s or less, durmg whtch 
period one or more inhaladons are made h, the p«ien. and one or more doses of regu^ 
Llinorn,o„omericimu,i„arere.e.seda„iin.»led. A dosing evem shall mvolveU. 
administration of regular insulin or monomeric in^in to the pat^ in an amou." of ab^.. 
, unit to about 30 umts in a single dosing event which may involve d« release of from 
about 1 to about 300 units from die device. 

The term -inspiratory flow rate" shall mean a value of air flow ra« measured, 
calculated a»J/or de^rmined based on d« speed of d« air posing a given pom. m a 
n^ng devi„ assummg atmospheric pressure ± 5% and a temperantre in the range of 

about lOX to 40°C. 

The term -insptatory flow" shall be interpreted to mean a value of atr flow 
„ calcuta.^. based on d« speed of the air passing a given point along with Ute volume of 
air that has passed that poin. with .he vohn« calculation being based on integratton of *e 
flow ra„ dau and assuming amtospheric pressure. ± 5% and temperature in dte range of 

about lOoC to about 40oC. 

The term -inspiraro,, voUm>e- shaU mean a de.ermined. calcula^d a»l/or 
,5 measured volume of air passmg a given poin. in» *e lungs of a paUen. assuming 
amK,spheric pressure ± 5% and a .empentmre tot dte range of lOX «, 40 C. 

The «rm -inhaling maxtonally" shall mean flta. fte paUen. makes a maxtmal effort 

to inhale air into the lungs. . . ^ . 

The «rm -inspi.a.o,y flow proftle- shall be interpreted », mean data calculated m 
30 one or more events measuring inspiratory flow and cumutative volume, which profile «n 
be used .o determine a poin. wiUtin a patient s inspiratory cycle which is pre.^ or the 
release of aetosol «, be delivered «. a padent. ^ pou.. width, ttte inspinmnr cycle 
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where drug is released may be based on a point within the inspiratory cycle likely to result 
in the maximum delivery of drug and/or based on a point in the cycle most likely to result 
in the delivery of a reproducible amount of drug to the patient at each release of drug. 
Repeatability of the amount delivered is the primary criterion and maximizing the amount 
delivered is an important but secondary criterion. Thus, a large number of different drug 
release points might be selected and provide for repeatability in dosing provided the 
selected point is again selected for subsequent releases. To insure maximum drug delivery 
the point is selected within given parameters. 

The term "therapeutic index" refers to the therapeutic index of a drug defined as 
the ratio of toxic to therapeutic dose. Drugs with a therapeutic index near unity achieve 
their therapeutic effect at doses very close to the toxic level and as such have a narrow 
therapeutic window, i.e. a narrow dose range over which they may be administered. 

The term "liquid formulation" is used herein to describe any pharmaceutically 
active insulin, including insulin and/or mpnomeric insulin for treating diabetes mellitus by 
itself or with a pharmaceutically acceptable carrier in flowable liquid form and preferably 
having a viscosity and other characteristics such that the formulation is aerosolized into 
particles which are inhaled into the lungs of a patient after the formulation is moved 
through a porous membrane of the invention. Such formulations are preferably solutions, 
e.g. aqueous solutions, ethanolic solutions, aqueous/ethanolic solutions, saline solutions 
and colloidal suspensions. Formulations can be solutions or suspensions of drug in any 
fluid including fluids in the form of a low boiling point propellant. 

The term "formulation" is used to encompass the term "liquid formulation" and to 
further include dry powders of insulin and/or monomer insulin along with excipient 
materials. Preferred formulations are aqueous solutions of monomeric insulin but include 
dry powders and dispersions. 

The term "substantially" dry shall mean particles of an aerosol which contain less 
than 10% free water, ethanol or other liquid carrier based on total weight and preferably 
contains no detectable free liquid carrier. 

The term "bulk flow rate" shall mean the average velocity at which air moves 
through a channel considering that the flow rate is at a maximum in the center of the 
channel and at a minimum at the inner surface of the chaimel. 
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The Krm -flow boundary layer" shall mean a se. of pom« defining a layer above 
U« inner surface of a channel .hrough which air flows wherein ^ air floiv ra» below -he 
boundary layer is substamially below bulk flow race, e.g.. 50% or less U«m U« bulk 
flow rate. 

5 The Bm. "carrier- shall mean a non-active ponion of a formulauon. In aqueous 

fonnulaaons. i. is a liquid, flowable. phannaceuUcally acceptable excipien. ma«rial which 
i„»,in and/or monon^ic insulto is suspended in or more prrferaWy dissolved in. In . dry 
powder, i< shall taclude non-active components, e.g., to keep the particles sep.r«e. 
useful carriers do not adversely int«ac. with the monom«ic insulm «rf have prop«.«. 

,0 which allow for the formation of aerosoli«dpar,icles-prefer.bl, particles having. 

diameter in the range of 0.5 to 3 .0 microns when a formulaUon comprising the carrier and 
insulin analog is forced through pores havtag a diameter of 0.25 to 3.0 microns. Preferred 
carriers for liquid solutions include water, ethanol and mixmres th««.f. Other cm«s 
can be used provided that they can be formulated to create a suitable aerosol and do no. 
1 5 adversely effea insulin, monomeric insulin or human lung Ussue. 

The tenn -measuring" describes an event whereby either the inspiratory flow rite 
or inspiratory volume of the patient is measured (via electronic sensors or by mechamcal 
ta order to determine an optimal point in the inspiratory cycle a. which «. release 
aerosolized drug. An actual measurement of both rate a»i volume may be made or the 
20 rate can be direcUy measured and the volume calculated bas«. on the measured rate. It ts 
also preferable to continue measurtag inspiratory flow during a»i after any dmg delivery 
and to record inspirator, flow rate and volume before, during and after the release of drug, 
such reading makes h possible to determine if drug was properly delivered to the pattern. 
Each of the parameters discussed above is measured during quantitative spiromenr. 
25 A paUenfsindivktart performance can be compared against his personal best data. 

individual indices can be compared with each other for an htdivUual patient (e.g. FEV, 
divided by FVC. producing a dimensionless index usefhl in assessing U« severity of acute 
astiuna symptoms), or each of these indices can be compared against an expected vahte. 
Expected values for indices derived from quantitative spirometry are calculated as a 
30 function of the patient's sex. height, weight and age. 
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The invention comprises aerosolizing a formulation of monomeric insulin (e.g. 
insulin lispro) and inhaling the aerosolized formulation into the lungs. Although the 
inhalation of insulin which results in the insulin entering the circulatory system is known, 
correctly dosing the amount of insulin delivered by inhalation has been problematic - 

5 however, see U.S. Patent 5, 672,581 issued September 30, 1997. The devices, 

formulations and methods disclosed herein are useful in solving problems with prior 
methods. For example, when regular insulin is delivered to a patient by inhalation the 
amount of effect on glucose levels varies considerably based on the lung volume inhaled by 
the patient with the aerosolized insulin at delivery. If the blood glucose level is not 

10 quickly lowered the patient may administer additional insulin which in combination with 
that already administered will dangerously lower the blood glucose level. The present 
invention endeavors to provide a preferred blood concentration versus time profile by the 
delivery of monomeric insulin which rapidly disassociates into its monomeric form in a 
human and as such moves into the circulatory system more rapidly as compared to regular 

15 insulin. When regular insulin is delivered by inhalation, the effect on lowering glucose 
levels is often different depending on the total inhaled volume of by the patient at delivery. 
Results provided here show that the delivery of monomeric insulin is much less effected by 
the patient's total inhaled volume at delivering as compared to the aerosolized delivery of 
regular insulin thereby improving repeatability of dosing. Thus, the data shown here 

20 provide improved unexpected results with respect to a practical method of treating 
Diabetes Mellims by aerosolized drug delivery. 

Figures 1 and 2 along with tables 1 and 2 dramatically show how the total inhaled 
volume at delivery has a dramatically greater effect on the blood concentration versus time 
profile following aerosolized delivery of insulin as compared to aerosolized delivery of 

25 monomeric insulin. In tables 1 and 2 as well as within figures 1 and 2 a reference is made 
to "Vl" and "Vh" which refers to low volume and high volume inhalations at delivery 
respectively. A more con^lete understanding of what is meant by these terms and how the 
invention is carried out can be understood by reference to figure 3. 

Figure 3 is a graph of inspiratory volume verses inspiratory flow rate in liters per 

30 second. Regardless of whether one is delivering insulin or monomeric insulin it is 
preferable to begin the release of the aerosolized dose to the patient when the inhaled 
inspiratory volume and inspiratory flow rate are within the parameters of the rectangle 1 
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Pimirf* the release occurs at the point 2. 
shown in Figure 3. In the specific example of Figure 3 the 

^ above 0.1 .i«r ^or ,0 0., U.r. Fu«h=r. .he ae^so, is release. .«er 
pa.i»s inhaUUon «■= exceeds 0.1 U,e,s per s^»i ... P^or to a.e ra,e exceed,„s ,he 2.0 
; Lrsperseco..d. *e examples show. U. release occurs a. an insp.ra.ory volume of 
ahou.0.5li»rsanda.an»pira»r,ra«„fah»«1.0.Uersperseco..i. ToeM.ance 

r^Limy ofdosh^g pa*« -"O ^l-v" - °' " '""^ 

Tsplor, vo,u« ana « flow r.«. More s^«caU, ^ device of *e ~ 
w:au.o.a.lca,lyrelease««aer«,ll«..ose..,erUree„r.sanh.p^a»^ 

0 ahou. 0.5 ,l«rs an. an insplrarorv flow ra„ of ah» . Ii«r per "^^^ 
parlen. is coached .o continue inhaladon a. *e ^ ra« e.^. a. a ra« of aho« U«r per 
^eo,., For a low volume n^neuver .he inha>a<ion is cominued u«U *e pa««« has 
L,ed 2 liiers of air as shown hy .he poin. 3 in Figure 3. For a hi* volume 
^ paaen. conUnues ir^aliirg un.il *e pa.ie„. has inhaled 4 .i«rs of a. or more as s^ 

" -^"'"iZ^n'ofFi^ . andaasweilasuhles , a. . shows *a. inhaiin. » a 
or high volume a, delivery docs effec. *e resul. slgnif,ca„..y results when 
«veHng monomertc insulin -hu. suhsunUaily effec. resui. "'--7^- ^ 
The preferred monomeric insulin is insuiin iispro as described m .he 1997 PDR 

. f ThU nreferred monomeric insulin is also 

20 page 1488 (incorponuedherem by reference). This preferred 

-.1 -Humaloc™ " The fo lowmg provKles a 
referred m herein by *e commercial name Humalog 

descripiion of .he concepwal basis of U« presen. invemion. 

insulin has been used for over 50 years for U« managemen. of dUbe«s me„,n.s. 
..ulin is a nan-rally occurring hormone which plays a clinicai role h, glucose meul»l.m 
,5 1 i.s absence in pa.ie«s wi«> Type . is a f.ul ilh^ un.ss exogenous msuhn 

is used as part of an insulin replacement flierapy program. 

Paoe... have self adn,inis.ered msulin subc«a„eous.y (SO for decades as a means 
for managing d«ir diabeus. The .o.a, daily dose of insulin r«,uired by individual ^ 
lT;ea,ai.abili.yofporubleb,oodg,ucc.moni.orsover««Us.d«^ 
30 signir.a«.dvancemen.ind«.pa.ien.scanno„measure«rownbloodgh^^^^^ 
dose insulh, h, iniecUon according «. *eir needs. Many d.mgs afl^ *e dad, 
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requirement for insulin. These multiple factors require that patients measure blood glucose 
levels to achieve tight control of their blood glucose. 

The Diabetes Complications and Control Trial (DCCT), a multicenter study 
designed to evaluate the potential long term beneficial effects of tight blood glucose 
5 control, was recently completed. This smdy demonstrated that insulin requiring diabetics 
who maintained their serum glucose within a specific range over time had a significantly 
reduced complication rate, including the avoidance of the consequences of peripheral 
vascular disease (e.g. renal failure, chronic diabetic retinopathy and lower extremity 
problems). 

10 A key element in the attainment of a stable blood glucose level over time involves 

the administration of subcutaneously administered insulin prior to meal time. In this way, 
blood levels of insulin will appear coincident with die increase in blood glucose associated 
with meal digestion. Recombinant human insulin, which has been available for over more 
than 10 years, is available in a short acting form (regular insulin) which is appropriate for 

15 self administration by injection prior to meal time. Unfortunately, recombinant human 
insulin must be dosed by injection approximately one half hour prior to meal time in order 
to insure that a rise in blood glucose does not occur unopposed by exogenous insulin 
levels. 

The requirement that recombinant human insulin be injected one half hour prior to 
20 meal time is burdensome because it requires that patients precisely anticipate the times they 
will be eating. Eli Lilly has recently introduced insulin lispro which is sold as Humalog'^'^ 
(a recombinant human insulin analog), which is more rapidly absorbed than recombinant 
human insulin when injected subcutaneously. Because it works more quickly than 
recombinant human insulin, Humalog"^^ can be given just prior to meal time thereby 
25 reducmg the burden on the patient to plan ahead prior to eating. 

Recombinant human insulin in aqueous solution is in a hexameric configuration. In 
other words, six molecules of recombinant insulin are noncovalently associated in a 
hexameric complex when dissolved in water in the presence of zinc ions. Studies have 
demonstrated that hexameric insulin is not rapidly absorbed from the subcutaneous space. 
30 In order for recombinant human insulin to be absorbed into circulation, the hexameric 
form must first dissociate into dimer and/or a monomeric forms i.e., these forms are 
required before the material can transit into the blood stream. This requirement for 
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prto, . absorpdon is beBeved » b. responsible for *e 30 — re,u.r=d for a se> 
I^nis^re^Lorsubc^aneousreco^^tn- — i-''"-'^""—* 

■ fniinwinc subcutaneous administration. 
raoidlvdisassocialesintoamonomencfonnfoUowingsODCu 

. ^ .h,. Humaloe™ is absorbed quanUtatively faster than 
Clinical studies have demonstrated thai Humalog 

recombinant homanimulin after subcutaneous administration. 

TocontroUlucoselevelsinsuUnisdosedinunits. Because insuUn ts genera.,, tn 
„ the fbrm o, regular insulin and is generally administered suh^naneousl, the untts of 
measurements used here are subcutaneous equivalents of regular msulm. 

Because insulin must t< administer^ fre,ue„tly in ord„ to aUo» patt^tts to att^n 
a «gh. degree of co«rol over their serum glu^se. the fact that all insulin pt«l^ 
c^tly need to be deliveted by injection is ahindran. to compliance. Results f^m. 
,5 ^ U demonstrate that insulin should ideally be adminUter^. « ttmes eac da, m 
!^ for p^^ients to be UKely to achieve an adequate level of blood glucose contro » 
oruci lu F Hiahetes A noninvasive method lor 

nhtain a reduction in complication rate associated with diabetes. 
r:Cf.sulinc„:idbebene«linit.reasingpatie„tcomp.^»ithfreq„ent 

self administration of insulin throughout the day. „„„„,,h<. 

The noninvasive deliver, o, proteins peptides has been an elus^e goal of t^ 
dntg delivery industr,. Because proteins are rapidl, disassociated inthe G, tract oral 
:r::th:de,.ver:ofproteinsastab.tsorcaps.eshavethusfarse» 

.^lationa, dn.g delivery has been demonstrated to be a vta^le optton ^ « 
protetns and peptides such as i^ulin vU the hutg. see U.S. Pa,»t No. 5,364,838. tssued 
7<i November 15, 1994 and 5.672,581 issued September 30. 1997. 

L„ smdies have demonstrated that insulin can be reproducibly admtmst^^ r 

i^ation to health, volunteers producing a rapid rise in measurable serum glucose lev^l 
mhalanontone. „<. p,,,„i 5 544,646 describes systems for the 

aswellasarapidfltUinbloodglucose. U.S.Patenl5,54 , 

intrapulmonary delivery of aerosolized aqueous formulations. The system descnb^ 
30 H unit L padtages o, aqueous formulated drug .0 be delivered deep .t«o me lung 
Hstemic efj U.S. Patent 5,558.085. httrapulmonary Delivery of Pepttde Drugs 
::ls ho„ proteins a«. peptides can he deUvered as fme partic. aerosols through the 
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lung for systemic effect. U.S. Patent 5,497,763 describes a disposable package for 
intrapulmonary delivery of aerosolized formulations which allows sealed packets of 
preformulated drugs such as insulin to be inserted by the patient into aerosolization 
apparatus for producing fine particle aerosols for deep inhalation. 

5 By quantitatively measuring the inspiratory flow rate and volume during the 

patients inspiratory maneuver while breathing through the aerosolization system, an 
optimum point for the delivery of a bolus of aerosolized medication can be determined. 
U.S. Patent 5,509,404 describes intrapulmonary drug delivery within therapeutically 
relevant inspiratory flow volume values and illustrates how specific inspiratory flow rate 

10 and flow volume criteria can be used to enhance the reproducibility of drugs delivered via 
the lung for systemic effect. U.S. Patent 5,522,385, Dynamic Particle Size Control for 
Aerosolized Drug Delivery demonstrates that the parameters of the emitted aerosol can be 
varied to optimize the delivery of an inhaled aerosol for systemic effect. 

U.S. Patent Application Serial No. 08/754,423, filed November 11, 1996, 

15 illustrates that recombinant human insulin, when delivered as an aerosol for deep 
inhalation into the lung for systemic effect, is sequestered in the lung to a significant 
degree. This U.S. patent application describes how insulin sequestered within the lung can 
be made to transit into the systemic circulation if the patient engages in certain specific 
inspiratory maneuvers following delivery. 

20 Although the reasons for sequestration of insulin in the lung following aerosolized 

delivery are not known, we speculate that, as with subcutaneous delivery, the dissociation 
of insulin from hexameric to monomeric form is an important first step prior to the 
absorption of insulin into the blood stream. Recent controlled experiments conducted by 
the inventors quantified the degree to which insulin is sequestered into the lung following 

25 aerosolized delivery. In these controlled experiments, the amount of insulin or monomeric 
insulin released into the blood stream following aerosol delivery was quantified in cross 
over fashion with and then without a forced expiratory maneuver following delivery. 
Results shown here indicated that the blood concentration versus time profile of 
monomeric insulin is not substantially affected compared to insulin by a patient's 

30 respiratory maneuver at delivery. 

Although multiple studies have evaluated the feasibility of the delivery of 
recombinant human insulin via the lung as a fine particle aerosol, no studies have appeared 
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.e,«o,iz«i delivery. R»„..y conduced cHnica. Sadies demomuau .M. s,8n,f«« 
Z-io. Of reeo™.^- . o.u„i„. . ..e fo«o»i«s dn., 

delivery. Aiftougb *is degree of se,ues,ra.io„ can be reversed b, c«u>m specrfic 
; puimonary n»neuvers as in o«r coperKiing appiicaUon, i. wii, be des,r,b>e » 
subsanually reduce or eliminaKUris sequestration al«.gether. 

Because Humalog™ rapidly disassocia.es imo mooomeric insulm. « .s un„u.ely 
suited for delivery via the lung. 

The invenUon includes conuiners. devices a«l n«hods «hich provde a non- 
0 i„vasivemean,of.rea<tagdiabe«smelliu«inan.n«r«hichmakesi.possible» 
:rllydosed«adu,inis.ra«ouoraerosoli^™.«.-cinsuli„a„dU«re^^ 
^ onLl over seru. glucose levels o,apa.e,«su.eri.gero.««dise.«^ 

oL invencion provides a nu„*er of feautres wbicl, ™.e i. possible to «l«ev. .he 
coined and repeatable dosing procedure require! for oeaUng diabeKs, 
,3 specifically, d« device is no. direc.lyac„a,edb,U.p«ien..nd« sens. «». 

«on is pushed »r valve releas«l by Ure parien. applying physical pressure. On .he 
a« device of *e i„ven.ion provides ,ha. aerosoli^ insulin for-a..on » 
^ J au^naHcally upon receipt of a signal fro„ a nricroprocessor progra^hed 
[ .hen da. is received frotn a n,oni,oriug device such as an auflow rate n«n,«,nug 

A patient using U« device withdraws air fron, a mouthpiece and U,e inspiratory ra« 
„, u« patien. is u^asured as is cun»lative inspiratory v„lun«. The monitoring devtc. 
cominually se».s information to Ute nticroprocessor. atKl when the nticropro«ssor 
detemrinl dia. «K optintal poi« in the respirator, cycle is reached, the nncropro^ssor 
as tltes the opening of the valve allovving release o, insulin. Accordhigly. drag ts always 
:rid at a pre-progratun^ in ^ respirator, flow profile of dte par^cular patent 
Ih .s select^ specifically to n..,r.ize reprod^ihility of drug delivery .o the p.,^ 
,„ng regions. It is pointed ou. that the device of tl» present inventto. can be used „ and 
ael, does, improve the efficiency of drug deliv^. However, this is not a crtocl 
30 feamre. hnpor«nt feantres are the enhan^ testability of blood conce«ra.ton 

time profile ^ the increased rate at which h.u,in is brought i«o the circ.lat«y sys«m. 
The invendon m.l«s i. possible .o deliver a .ighUy controlled amount of drug a, a 
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particular point in the inspiratory cycle so as to assure the deUvery of a controlled and 
repeatable amount of drug to the lungs of each individual patient. 

The automatic control of monomeric insulin release provides a repeatable means 
controlling the glucose level of a patient. Because aerosolized monomeric insulin 
5 formulation is released automatically and not manually, it can predictably and repeatedly 
be released in the same amount each time to provide a preprogrammed measured amount 
which is desired. 

When it is desirable to decrease particle size by heating, a heating element is used. 
The amount of heat added to the air is about 20 Joules or more, preferably 20 Joules to 
10 about 100 Joules and more preferably 20 Joules to about 50 Joules per 10 jxl of 
formulation. 

There is considerable variability with respect to the amount of insulin which is 
delivered to a patient when the insulin is being administered by injection. Patients 
requiring the administration of injectable insulin use commercial insulin which is prepared 

15 in concentrations of 100 units per milliliter, although higher concentrations up to about 
1,000 units per milliliter can be obtained. It is preferable to use more highly concenu-ated 
monomeric insulin in connection with the present invention. If insulin containing 500 
units of insulin per milliliter is used and a patient is administering 25 units, then the patient 
will only need to administer 0.05 milliliters of the concentrated insulin to the lungs of the 

20 patient to achieve the desired dose. 

The symptoms of diabetes can be readily controlled with the administration of 
insulin. However, it is extremely difficult, to normalize the blood sugar throughout a 24- 
hour period utilizing traditional insulin therapy given as one or two injections per day. It 
is possible to more closely approach normalized blood sugar levels with the present 

25 invention. Improvements are obtained by smaller, more frequent dosing and by timing 
dosing relative to meals, exercise and sleep. 

The precise amount of insulin administered to a patient varies considerably 
depending upon the degree of the disease and the size of the patient. A normal-weight 
adult may be started on about a 15--20 units a day (as explained above the units are 

30 equivalent subcutaneous units) in that the estimated daily insulin production rate in non- 
diabetic subjects of normal size is approximately 25 units per day. It is preferable to 
administer approximately the same quantity of insulin for several days before changing the 
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dosing regime except with hypoglycemic pa.i».sfo, which ■he.tos.shouM be 
IIi,«., aecrease. u.es. . ciear,, evi.e„. no^ec-nt ca.^ of h,pog>,c^ 
r«,. ea-Jg. i.e., missing . typica, meai, is present, in gene^. -he "^-^--^ - 
^ than nve to ten units per day. U is typicai to administer ahout two-thtrds of the 
; .ota, insuiioaany dosage before hreaWast a,^ administer the remainder before supper. 
When Uie una. dosage reaches » or 60 umts per day, a piura.ity of smalier doses are o,en 
^ired si,« peaic ^ of insuUn appe«a to be do. related, i.e.. a ,ow dose nta, 
eli. maxima. acUvit, e.r,i» and disap.«ar soor^r tiun a large dose. A„ ^t.ents a. 
.eneraUy instructed to reduce insuHn d»age b, about 5 to 10 uni« per day when ex^ 
„ Lvity is anticipate. Inasimilar man.«. a sma>> a«<«ntof extra msuimmay ^.a.en 

before a mea. that contains extra calories or fotx. which is no. gener^y eaten by ^ 
ret,cpa,.ent.Tbeinha.a.iondevi.of,hepresen.inve,«ionispar.icuiar.yusefu,w* 

lespectloptxividing such small amounts of additional insulm. 

Jera, types of insulin formulations are com„«rciaBy available. When larger 
, 5 doses of insulin must be administered at a single point in time, it ma, P-'«*^ » 
administer intermediate or long-acting insulin formulations. Such formulat^ns rel^ 
son. i^lin immediately and provide a more sustained release of the rer^tuder of the 
i^lin over tune. Such formulations are described further below in the Insulm 
Containing Formulations" section. 
,0 There is a differential between the amount of insulin and/or monomenc tnsuhn 

.cmally released from the device and the amoum acmally delivered to the patient, "n-e 
p^ device is two to ten times more efftcient than conventional inhalation devtces ,..e., 
U or metered dose Inhalers, which have an eff^ienc, as low as 10% meantng that « 
as 10% of the aerosolized insulinmay acmall, reach the lungs of the pat.«^ The 
25 efficiency o, the delivery wiU vary somewhat from patient to patient and should be uken 
into account When programming the device tor the release of insulm. 

one of the difftculUes with aerosolized deUver, of Insulin is that the patten, and/or 
.He caregiver canno. determine precisely how n.ch insulin has entered the circulatory 
system. ^ccordingly.if the patienthasbeendosed With What isheliev«l.ob.an^^^^^ 

30 lunt 0, aer^olize insulin and the giucose level remait. high one '^^'^^ 
aerosolized dose was no. properly delivered. Por example, .he insultn mtgh. h^^ve ^ 
intproperi, delive«d against the paUenfs mouth surfaces or throat where wUl no. ^. 
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absorbed into the circulatory system. However, it may be that the insulin is properly 
delivered to the lung (e.g., provided on the outer peripheral areas of the lung) but has not 
yet migrated into the circulatory system. 

Obese patients are generally somewhat less sensitive to insulin and must be 
provided with higher doses of insulin in order to achieve the same effect as normal weight 
patients. Dosing characteristics based on insulin sensitivity are known to those skilled in 
the art and are taken into consideration with respect to the administration of injectable 
insulin. The present invention makes it possible to vary dosing over time if insulin 
sensitivity changes and/or if user compliance and/or lung efficiency changes over time. 

Based on the above, it will be understood that the dosing or amount of monomeric 
insulin acttially released from the device can be changed based on the most inunediaiely 
prior monitoring event wherein the inspiratory flow of a patient's inhalation is measured. 
The amount of insulin released can also be varied based on factors such as timing and 
timing is, in general, connected to meal times, sleep times and, to a cenain extent, exercise 
times. Although all or any of these events can be used to change the amount of insulin 
released from the device and thus the amount of insulin delivered to the patient, ultimately, 
the amount released and delivered to the patient is based on the patient's serum glucose 
levels. It is important to maintain the serum glucose levels of the patient within acceptable 
levels (greater than 60 mg/dl and less than 125 mg/100 ml, and most preferably to 
maintain those levels at about 80 mg/100 ml. 

Variations in doses are calculated by monitoring serum glucose levels in response 
to known amounts of insulin released from the device. If the response in decreasing serum 
glucose level is higher than with previous readings, then the dosage is decreased. If the 
response in decreasing serum glucose level is lower than with previous readings, then the 
dosing amount is increased. The increases and decreases are gradual and are preferably 
based on averages (of 10 or more readings of glucose levels after 10 or more dosing 
events) and not a single dosing event and monitoring event with respect to serum glucose 
levels. The present invention can record dosing events and serum glucose levels over 
time, calculate averages and deduce preferred changes in administration of insulin. 

As another feamre of the invention, the device can be programmed so as to prevent 
the administration of more than a given amount of insulin within a given period of time. 
For example, if the patient normally requires 25 units per day of insulin, the 
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Microprocessor of .he i.*a,a.ioa device can be progran^d ,0 preve« ^' "^f 
rle after 35 »„i. .as t«e„ —re. wiUrin a s>ve„ day. Se«.« a s>„h«y h.^ 
li. a«ow ror .he pa« .0 ad.i„is.er additionai If needed, ..ue U, Urger 

^ ^rmal h«a>s a«.or accou- for .isdeiivery of i.«.Hn s»eh as due . coughu« or 

«!neezine during an attempted delivery . 

The ahiU„ .0 preve« overdosi.^ is a charae.ris.ic of d.e device due .o ah,U., 
„„he device » moniu. d» amou« of insulin released a.^ calcula» U,e approximaK 
a^oun, of h^ulin delivered u, U. paUe« hased on n»ni»n„, given even, such as a,mow 
r^e and seru. glueose levds. The ability „, U« prese« device » preven, overdos,ng . 
, „o.„«relyam„ni.orings,s«mwhichpreven.s«.nhernuu«.ac»a«ono,ahuuon. 

la.ea above. «,e device used in conneccion »i.h d. present invention . not n^nuall, 
aerated bu, is fired in response to an elecMca. signal received ftom a .ncrop«>cessor 
lpX.'»-iced.sno.,UowforU«r.ease„finsu,in,„ere.,b,t,«n.anua.ae,ua«^ 

of a button to fire a burst of insulin into the air. 

The microprocessor of applicant's invention can be designed so as to allow for an 
override feantre Which wouW allow for the adtninistrationofaddiaonal insulin. The 

o^ide feature could be acutated in an en^rgenc, si«»tion. Alter.»tively. the overr^ 

eould be actuated when the devi. is elecronically connected with a serun, glucose 
level monitoring device whidt determines Utat senun glucose levels increase » 

20 dangerously high levels. 

■n^micropt^essorofappUcantsinventionwiUpreferablyncludeaommg 

device. timing device can be electricaUy connected wid, visual display signals as well 

. audio alarm sigt^U. Using the timing device, *e microprocessor can he pro^ran™«. 

„ as to allow for a visual or audio signal » be sen. ^ *e pafent would be normally 

M expected to adn.hus«r insulin. In addiUon to ItKlicating the time of adminisuatton 

ol-bly by audio signal,, the device can It^icate ^ amount of insuUn wh,c ^ 

llnistered by providing a visual dispUy. For example, dte audto alarm could sot^nd 

alerting the patient that insulin should be adminis«red. At the same time, the v.su.1 

aisplay could indicate Ttve units' as the amount of h»alin to be adm.mst««r At .h» 

alee olace After the predetermined dose of five untts had 
30 point, a monitoring event could ake place. Ancr v ^ . „ 

^ administered, the visual display would indiea« that Ute dosing ev«« had end«l. I 

pa*,, did t,=t compute the dosing eve^ by administering the su«d amount of msulm. 
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the patient would be reminded of such by the initiation of another audio signal, followed 
by a visual display instructing the patient to continue administration. 

Additional information regarding dosing with insulin via injection can be found 
within Harrison's — Principles of Internal Medicine (most recent edition) published by 
5 McGraw Hill Book Company, New York, incorporated herein by reference to disclose 
conventional information regarding dosing insulin via injection. 

TREATMENT VIA MONOMERIC INSULIN 
The methodologies of the present invention are preferably carried out using 

10 recombinantly produced monomeric insulin in a liquid formulation. A preferred insulin is 
insulin lispro, sold by Lilly under the name Humalog"^^. This analog is absorbed faster 
after subcutaneous injection. Another type of insulin analog is referred to as superactive 
insulin. In general, superactive insulin has increased activity over natural human insulin. 
Accordingly, such insulin can be administered in substantially smaller amounts while 

15 obtaining substantially the same effect with respect to reducing serum glucose levels. 
Another general type of analog is referred to as hepatospecific insulin. Hepatospecific 
insulin analogs are more active in the liver than in adipose tissue and offer several 
advantages over currently available insulin therapy. Hepatospecific analogs provide 
preferential hepatic uptake during peripheral subcutaneous administration, thereby 

20 mimicking, more closely, the metabolic balance between the liver and the peripheral 

tissues. Obtaining the correct metabolic balance is an important part of proper treatment 
of diabetics and administration via the intrapulmonary route should provide advantages 
over intermuscular injection with respect to obtaining such a balance. It may be desirable 
to include mixtures of conventional insulin with insulin lispro or with insulin which is 

25 hepatospecific and/or with superactive insulin analogs. Hepatospecific analogs are 
disclosed and described within published PCT application WO90/12814, published 
November 1, 1990, which application is incorporated herein by reference for its disclosure 
of such hepatospecific insulin analogs and in order to disclose other information cited 
within the other publications referred to within WO90/12814. To carry out the invention 

30 these insulins must be in a monomeric form or take a monomeric form quickly in a human. 
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U S Paten. appUcatfon Seria. No. 074,558 discloses a supcractive hun>an insulm 
Ac>a.B, .u.a„ .s„U„, WMCH >^ i^rease. --^o-^' 
H»an insu.ln. Sp..i«ca„y, UO-Aspanic Aci.-B, hun,an ,.uU» wa. ae«™n«. » 
^ 4 » 5 .n»s po«« *a« na»». im».ios. U.S. Paten. appUca.,on Ser«^ No. 
2,3 957 a^i .n«rnado„al App.ica.ion Serial No. P<:i/US88,02289 disclose oU.r 

superactive insulin analogs, des-pentapepude (B26-B30) lAsp . Y 

• m9fiB30VrGlu»'° Tyr»«-a-carboxainide] human insulin, and further 

human insulin, (B26-B3UU^»" • 

, A omofi movrx"'" Tvr""-a-carboxamidel human insulm, 
insulin analogs of the formula des(B26-B30HX . ly^" 

ricHX^a^esidne ..position >Oo,U«Bc....T,«aei.^.»a^^ 

^ve po^ncies anywhere fr^n.^<^ that of na«.ra. tu™. 

a J^aescrii^ed insuiin analogs invoive anOno acid subs«n«ions along A or B c^»a 

:7rll,»n.aninsu,i„,w*.incre3seU,epo.nc,ofU«con.poundorc..an.eoU^ 

''^r— tpro..einsuU„a.,o.areno.presenU,nsedforU« — 
, ofpacientsonaconunercialscale. However, insuiin iispro and other insulin analogs^™. 

Jeioped could he used wiU. the preser. invention in dtat the presen. .venuon can h^ 

1 .Iprovide var^h. d.ing in response .0 currentiy tneasured sern. .lucose^^eU. 

Further, si«e nan, insuiin dialogs are «ore potent than conventiona, ,nsu>„. *e.r 

delivery via teiwraputawnaryroutt is paracularlyconvenKnt. 
„ "l.,orn..onreg^ingdosingi,...inca.hefoundwi.hinHarrisons P^^^^^ 

■ „„«emal Medicir« (mos. r«:en. ediUon) and dt. Drug Evaluation Manual. 1993 
ir:^..iono,DrugsandTo.ic„losy,.^o,whichare published hyMcG^ 

BOO. company, N.« Vor.. inco,por«ed herein hy reference to disclo. convennonal 

information regarding dosing of insulin. 

AU methods of treating diabe«s involve measuring gluco^ levels in some m«u»r. 
such measuren^n. are necessary in order to titrate proper dosing and avoid the 
over-adminisuation of insuiin which can resul. in faui hypoglycemu. Measur»e«s of 
„ine gU>c»e alone are insumciem to assess diabetic control and bring — P"-" 
30 glucl vah^s i«o a near normal range since Ute urine will he free o, glucose w^^ 
h^co.cen«.^isre>a.vely«.nna.. Por this reason, "home giucosen^.™,* » 
used in d»se patiems trea^d by co«inuc«s subcuuneous insulin .nfuston (CSII) or 



-26- 



wo 98/33480 



PCT/US98/015U 



multiple subcutaneous injection (MSI) techniques. Such monitoring requires capillary 
blood which can be obtained in a substantially painless manner using a small spring- 
triggered device referred to as Autolet^^ produced by Ulstr Scientific Incorporated which 
device is equipped with small disposable lancelets. The amount of glucose is analyzed 
using chemically impregnated strips which are read in a commercially available reflectance 
meter. One commercially available strip is referred to as Chemstrip bG (produced by Bio- 
Dynamics). The Chemstrip Bg can provide satisfactory values by visual inspection 
utilizing a dual-color scale, thus eliminating the need for a reflectance meter. Frequent 
measurement of the plasma glucose (a fairly standard program utilizes seven or eight 
assays over a 24-hour period) allows a reasonable assessment of mean plasma glucose 
levels during the day and guides adjustment of insulin dosage. 

The methodology of the present invention is preferably utilized in combination with 
a closely controlled means of monitoring serum glucose levels. More specifically, the 
invention is used to administer doses of monomeric insulin via the intrapulmonary route. 
The doses may be administered more frequently but in somewhat smaller amounts than are 
generally administered by injection. The amount of insulin and monomeric insulin 
administered can be readily adjusted in that smaller amounts are generally administered 
using the intrapulmonary delivery methodology of the present invention. 

During the day, as insulin is administered, serum glucose levels are frequently 
monitored. The amount of insulin administered can be dosed based on the monitored 
serum glucose levels, i.e., as glucose levels increase, the amount of insulin can be 
increased, and as glucose levels are seen to decrease, the dosing of insulin can be 
decreased. 

Based on the information disclosed herein in combination with what is known about 
insulin dosing and serum glucose levels, computer readable programs can be readily 
developed which can be used in connection with the insulin delivery device of the present 
invention. More specifically, a microprocessor of the type disclosed in U.S. Patent 
5,542,410 can be programmed so as to deliver precise doses of insulin which correspond 
to the particular needs of the patient based on serum glucose monitoring information which 
is supplied to the microprocessor. Further, the dosing information contained within the 
microprocessor can be fed to a separate computer and/or serum glucose monitoring device 
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particular patient. 

A ^ of diffcrem mcomerio co„.aintag formulations can be m 

co^ectn wUh me pr-« i""--- """" " 

.L.in which can be combined wiU, regular msulin. Furfter, d,e mononenc 
~;rIbLll.anh^ina„ai„gw« is an a.,og Of human i.u,i„ Which 

ZT^^ soie acrive h^ie... U may he preset ««h an addiUona. acuve mgred,en. 
Itself as the soie a 6 ,,f„nvinreas are generally administered separately 

such as a sulfonylurea. However, such sulfonylureas are genera y 
- A mnre closelv control dosing and serum glucose levels. 
■°"er— P-desagreaUea,of«e«^ wid-respecr^^ 

ofmonon«:c.^nnformu,a,ions.o.admin.«red.Porexamp^.»™^ 

.,^m„.n.ici.ua„h.i.seifori„com„..-^^^^^^^^ 
.omhinations Of different insulin analogs. Further, a pacKage ca 
::r— rsh.c,udediffere„rrormu,a.ionswhere.d»f.r™.«ons^ 

Ihieve a parUcuiar effecr e.g., f.s, aCng insulin or ,uic. absorbmg .nsul.. ^ 
;L along wiU. .he care giver and car=.l monirormg can de.erm.ne preferred 
insulin dosing proUKolu. be followed for teparricularpauem. 
„ The — insulin ma, be provided as a dr, powder b, ..self, an^m 

accorda^e wiU, anod.. fonnulaUon, ^ insulin or acrive i.g«dien. ,s prov,de^ n a 

, , , „n The dry powder could be direcly inhaled by allowmg .nhalano. 
r:rrisirra.ory«owra„a.h...ryvolumeforeach«^^^^ 

2 ever d. powder is preferably dissolved in an a,ueous .Iven. .o crea. a soluuon 
. w::.mov:d.oughapo.ousmembra«.ocrea...naer«oH.h^^™^ 

— rin:i::r::i:— 

S.io ns(whichcanbeused.con„ec.ionw.d,aeroso.«lde.i^^^ 
,0 aescribedwidun Remington s PharmaceuUcal sconces, A.R. Gennaro =d«» (la«« 

ron,Mac.Publish^Compa„y 'r^to' t ^7 

^ Sciarra e. a.. IJoun.. of PHamu.ceu,ca, Sciences. Vol. 65, No. 4. .976]. 
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The monomeric insulin is preferably included in a solution such as the type of 
solution which is made commercially available for injection and/or other solutions which 
are more acceptable for intrapulmonary delivery. When preparing preferred formulations 
of the invention which provide for the monomeric insulin, excipient and solvent, any 
pharmaceutically acceptable excipient may be used provided it is not toxic in the 
respiratory tract. The monomeric insulin formulation preferably has a pH of about 7.4 ± 
1.0. 

Formulations include monomeric insulin dry powder by itself and/or with an 
excipient. When such a formulation is used, it may be used in combination with a gas 
propellant which gas propellant is released over a predetermined amount of dried powder 
which is forced into the air and inhaled by the patient. It is also possible to design the 
device so that a predetermined amount of dry powder is placed behind a gate. The gate is 
opened in the same manner as the valve is released so that the same inspiratory flow rate 
and inspiratory volume is repeatedly obtained. Thereafter, the dry powder is inhaled by 
the patient and the insulin is delivered. 

Rapidly acting preparations are always indicated in diabetic emergencies and in 
CSII and MSI programs. Intermediate preparations are used in conventional and MSI 
regimens. It is not possible to delineate precisely the biologic responses to the various 
preparations because peak effects and duration vary from patient to patient and depend not 
only on route of administration but on dose. The various insulins are available as rapid 
(regular, semilente), intermediate (NPH, lente, globin), and long-acing (PZI, ultralente) 
preparations, although not all manufacuirers offer all varieties. Lente and NPH insulin are 
used in most conventional therapy and are roughly equivalent in biologic effects. These 
can be used with monomeric insulin. 

The methodology of the invention may be carried out using a portable, hand-held, 
battery-powered device which uses a microprocessor component as disclosed in U.S. 
Patents Nos, 5,404,871, issued AprU 11, 1995 and 5,450,336, issued September 12, 1995 
both of which are incorporated herein by reference. In accordance with another system the 
methodology of the invention could be carried out using the device, dosage units and 
system disclosed in US94/05825 with modifications as described herein. Monomeric 
insulin is included in an aqueous formulation which is aerosolized by moving the 
formulation through a flexible porous membrane. Alternatively, the methodology of the 
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ccu>0 be ca,« ou. ustag . n«h.n>ca. (».n-e.ec«o*) .c,.«. "nK^e «ea In 
ITn Znize. U„. various co„po.«. can . .«^n.«. se, » .c»a« a. a g-ven 

flow ra« (e g a spring biased valve) and a, a given volume (e.g. a spmable 
iMpoalory now ratt (e.g. a spn 8 .„,„ The component of such 

flywheel which routes a given amount per a given volume). The 
devices could be set to aUow<lrugrele«. inside defined parameters. 
■ Imonomerici.suh„vvbichisreleasedtct.patien.maybeinav.™,,of 

.» . r ™s For ex««.le. the insulin may be an aqueous solution of drug. ..e., dmg 
d:lv:,^::ate^:::.le;intosmallpa,.ic.es.oereatean^^ 

^'^eirlr iTtothepaUent. .egardle^ 

provde for delivery ot . . . „ p^rtdes having a size in the r««. of 

^ arug formu^tion. tt ,s P'''--^ "J^^ By creating drug particles which 

,3 rarirrre'-irz.^.---'^^^^ 

::«:rysUa.^.ve.erc^tabilityo^^^^^^^ 

:::::':rrr:o=^^^^^ 
^» riZTcrrforg:—^^^^ 

^::as..therangeofabout0...o..c^^ 

" eZrationofcarr^r. -"S P»-- - ^ --^^ » :t":X 
Jp^rticles within this si. range. The Creadon of small parucles may e facd.ta«d^ 
tlof the vibration device which prov^avibra.ion»e<,.«nc,.o.herange^^ 

about ^ .ilohertz. Those sKUlM in tta art will recog„i« dra. s«ne ad^-^-s 
,0 "rmadeinU.eparameterssuchasd,esi«ofthepores,romwh^d™g.relea^^ 
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that the object is to provide aerosolized particles having a diameter in the range of about 
0.25 to 12 microns, preferably 1.0-3.0 microns. 

The drug formulation may be a low viscosity liquid formulation. The viscosity of 
the drug by itself or in combination with a carrier is not of particular importance except to 
5 note that the formulation preferably has characteristics such that it can be forced out of 
openings of the flexible or convex membrane to form an aerosol, e.g., using 20 to 400 psi 
to form an aerosol preferably having a particle size in the range of about 0.5 to 
6.0 microns. 

Drug may be stored in and/or released from a container of any desired size. In 

10 most cases the size of the container is not directly related to the amount of drug being 
delivered in that most formulations include relatively large amounts of excipient material 
e.g. water or a saline solution. Accordingly, a given size container could include a wide 
range of different doses by varying drug concentration. 

Drug containers may include indices which may be electronic and may be 

15 connected to a power source such as a battery. When the indices are in the form of 
visually perceivable numbers, letters or any type of symbol capable of conveying 
information to the patient. Alternatively, the indices may be connected to a power source 
such as a battery when the indices are in the form of magnetically, optically or 
electronically recorded information which can be read by a drug dispensing device which 

20 in turn provides visual or audio information to the user. The indices can be designed for 
any desired purpose but in general provide specific information relating to the day and/or 
time when the drug within a container should be administered to the patient. Such indices 
may record, store and transfer information to a drug dispensing device regarding the 
number of doses remaining in the container. The containers may include labeling which 

25 can be in any format and could include days of the month or other symbols or numbers in 
any variation or language. 

In addition to disclosing specific information regarding the day and time for drug 
delivery the indices could provide more detailed information such as the amount of insulin 
dispensed from each container which might be particularly useful if the containers included 

30 different amounts of insulin. The device may dispense all or any desired percentage 

amount (1-100%) of the insulin in the container. The device keeps a record of the amount 
dispensed and the container can be reused within a given period of time (e.g., 2 hours or 
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les.) to dl^ the «mai«.er of .he imulia in a given conuiner. However, i, 
prrferable «, discard a conuiner after use even if all .he formulation is no. expelled. Tins 
Lres frestaess .«i rednces con—n. Further, magnetic, optical and/or e^u^n^ 
ibices could have new infbrmaUon reconW onto which informaUon could be placed 
, ftere by me drug dispensing device. For e«n,pl., a magnetic recording means could 
^ve information ftom the drug dispensing d^ice indicating the precise time (and 
amount) which *e insulin was actually ».«nnisBred to the patient. In addruon to 
recording the .ime of delivery fte device could moniu,r *e expected efficacy of ^ 
delivery based on factors such as inspirarory flow ra« which occurred following *e 
0 iniiial release of insulin. The irformaaon recorted could *en be read by a separate 
device, interpreted by the care-giver and used o de^rmine U« usefhtoess of *e presen. 
.^„. methodology. For example, if the glucose levels of the partem did appe^ .0 
be responding well bu. the recorded infonnarion indicadng to. ttte paton. h»i oken *e 
drug a. ^ wrong ,ime or to. dte paUen. had mt^livered dnrg by changing inspir.»r, 
,5 now rate af«r initial telease it might he determined to. hrrd^r education in pa.«n. use of 
to device was needed bu. to. to presen. dosing methodology might well be useft.1. 
However, if to rec»din«s indicated tot to panen. had delivered to aerosolized .nsuta 
^ to proper «chni^es and stUl not obtained to correc. results (e.g. accepuble 
^tevels)a«.tor dosing metoxlologymigh. he recommended. Themetodof 

.0 uea.ing diabe.es tolUn. ma, be carried ou. ush-g a hand-held, poruble device co^se^ 
o, (a) a device for holding a disposable package comprised of at least one but prefera 1, a 
^ Of dmg con^iners, (b) a propeUant or a mechanical mechanism for movtng to 
coments of a container through a porous membnme (c) a moniwr for analyzmg to 
i^ira.ory flow ra« and volume of a padent. arxi (d) a switch for automatically releasmg 
25 or flriag to mechanical means after to inspirau^y flow and/or volume reaches a 

toeshold level. The device toy also i-Klude a transport mechanism «> move to package 
from one conuiner to to next with each container a,«l i« porous membrane being 
disposed of after use. Contains are preferably used only I. 2, 3 or 4 dmes. a. most. If 
^ more than once, to remainder in to conui.«r is used in 2 hours or less and/or 
30 disposed of. TTte enlire device is sel,-con.i,.d. ligh. weight (less th»t 1 kg preferably 
less than 0.5 kg loaded) and portable. 
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The device may include a mouth piece at the end of the flow path, and the patient 
inhales from the mouth piece which causes an inspiratory flow to be measured within the 
flow path which path may be in a non-linear flow-pressure relationship. This inspiratory 
flow causes an air flow transducer to generate a signal. This signal is conveyed to a 
microprocessor which is able to convert, continuously, the signal from the transducer in 
the inspiratory flow path to a flow rate in liters per minute. The microprocessor can 
further integrate this continuous air flow rate signal into a representation of cumulative 
inspiratory volume. At an appropriate point in the inspiratory cycle, the microprocessor 
can send a signal to an actuation means (and/or a vibration device below the resonance 
cavity). When the actuation means is signaled, it causes the mechanical means (by 
pressure and/or vibration) to move drug from a container on the package into the 
inspiratory flow path of the device and ultimately into the patient's lungs. After being 
released, the drug and carrier will pass through a porous membrane, which can be vibrated 
to aerosolize the formulation and thereafter enter the lungs of the patient. 

It IS important to note that the firing threshold of the device is not based on a single 
criterion such as the rate of air flow through the device or a specific time after the patient 
begins inhalation. The firing threshold is preferably based on repeating the firing at the 
same flow rate and volume. This means that the microprocessor controlling the device 
takes into consideration the instantaneous air flow rate as well as the cumulative 
inspiratory flow volume. Both are simultaneously considered together in order to 
determine the optimal point in the patient's inspiratory cycle most preferable in terms of 
(1) reproducibly delivering the same amount of drug to the patient with each release of 
drug by releasing drug at the same point each time and (2) maximizing the amount of drug 
delivered as a percentage of the total amount of drug released by releasing with the 
parameters described herein. 

The device preferably includes a means for recording a characterization of the 
inspiratory flow profile for the patient which is possible by including a microprocessor in 
combination with a read/write memory means and a flow measurement transducer. By 
using such devices, it is possible to change the firing threshold at any time in response to 
an analysis of the patient's inspiratory flow profile, and it is also possible to record drug 
dosing events over time. In a particularly preferred embodiment the characterization of the 
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device for the release of insulin. In general, a conventional metered (propellant-driven) 
dose inhaling device is about 10% efficient. 

One of the features and advantages of the present invention is that the 
microprocessor can be programmed to take a variety of different criteria into consideration 
with respect to dosing times. Specifically, the microprocessor can be programmed so as to 
include a minimum time interval between doses i.e. after a given delivery another dose 
cannot be delivered until a given period of time has passed. Secondly, the timing of the 
device can be programmed so that it is not possible to exceed the administration of a set 
maximum amount of insulin within a given time. For example, the device could be 
programmed to prevent dispersing more than 5 units of insulin within one hour. More 
importantly, the device can be progranmied to take both criteria into consideration. Thus, 
the device can be programmed to include a minimum time interval between doses and a 
maximum amount of insulin to be released within a given time period. For example, the 
microprocessor could be programmed to allow the release of a maximum of 5 units of 
insulin during an hour which could only be released in amounts of 1 unit with each release 
being separated by a minimum of five minutes. 

Additional information regarding dosing with insulin via injection can be found 
within Harrison's — Principles of Internal Medicine (most recent edition) published by 
McGraw Hill Book Company, New York, incorporated herein by reference to disclose 
conventional information regarding dosing insulin via injection. 

Another feature of the device is that it may be programmed not to release drug if it 
does not receive a signal transmitted to it by a transmitter worn by the intended user. Such 
a system improves the security of the device and prevents misuse by unauthorized users 
such as children. 

The microprocessor of the invention can be connected to external devices 
permitting external information to be transferred into the microprocessor of the invention 
and stored within the non-volatile read/write memory available to the microprocessor. The 
microprocessor of the invention can then change its drug delivery behavior based on this 
information transferred from external devices such as a glucose monitoring device. All of 
the features of the invention are provided in a portable, progranunable, battery-powered, 
hand-held device for patient use which has a size which compares favorably with existing 
metered dose inhaler devices. 
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scope of what the inventors regard as their invention. Efforts have been made to ensure 
accuracy with respect to numbers used (e.g. amounts, concentrations, particular 
components, etc.) but some deviations should be accounted for. 

EXAMPLE 1 

5 Administration of regular recomb inant human insulin 

A study was performed to determine the influence of different inhalation 
maneuvers: deep (Vh) and shallower (VJ inhalation. Deep inhalations required the patients 
to inhale as much as possible (e.g., 4-5 liters) and shallow inhalation were about half that 
(e.g. 2-2.5 liters) following the administration of aerosolized drug). The study was 

10 performed using five healthy, fasting male subjects. To each of the subjects, 250 U/ml of 
a 7.4 pH human zinc insulin formulation was administered using three methods: 
subcutaneous administration, deep inhalation administration, or shallow inhalation 
administration. 

The study was performed using five healthy, fasting male subjects. 250 U/ml of a 
15 3.5 pH human insulin formulation was administered to each of the subjects using three 

methods: subcutaneous administration, Vh inhalation administration and Vl administration. 
Subcutaneous administration of the insulin consisted of an injection of a predetermined 
dosage into the subcutaneous region of the abdominal area. Aerosol administration to each 
subject was performed using a unit-dosed, breath-actuated microprocessor controlled 
20 device (AERx"™), such as the device disclosed in the present application (see U.S. Patent 
5,660,166 issued 08/26/97). 

Serial serum blood samples were taken from each subject for the analysis of plasma 
glucose. The inhalation method resulted in a more rapid initial change, and experienced a 
plateau at approximately a -20% change in plasma glucose. The subcutaneous 
25 administration resulted in a slower response initially, achieving a later plateau at 
approximately a -25% change in glucose response. 

The pharmacokinetic parameters - Cmax» *e maximum serum insulin concentration 
achieved in each subject, and Tmax» *e amount of time needed for subjects to reach Q^^x 
after administration were determined for each subject, and (sununarized in Table 1). The 
30 deep inhalation method showed a 10-fold decrease in Tmax- 

Table 1: Inhaled human insulin: effect of mode of administration 
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in 5 out of 9 subjects. Subcutaneous administration of the insulin lispro consisted of an 
injection of a predetermined dosage into the subcutaneous region of the abdominal area. 
Serial serum blood samples were taken from each subject for the analysis of plasma 
glucose and serum insulin, 

5 The pharmacokinetic parameters C^ax and T^ax were determined for each subject. 

(Table 2). T^ax was earlier following inhalation administration of insulin lispro, 
indicating a more rapid absorption from the lung as compared to SC administration. Thus, 
the mode of inhalation (Vh or WJ did not appear to significantly effect pharmacokinetics of 
the delivery of inhaled insulin lispro as compared to the affect of Vl and Vh on the 

10 delivering of regular insulin. 

Table 2: Pharmacokinetic parameters after insulin lispro administration 

(systematic study, n=5) 



Parameter 
(inean±SD) 


AERx-V„ 
(0 J U/kg) 


AERa-Vl 
(0.3 U/kg) 


Tmax (min) 


9±2 


18±15 




4(>i:12 


49±12 



In contrast to data obtained for aerosolized delivery of regular human insulin, the 
20 mode of inhalation did not lead to changes in the serum insulin levels following 
administration of insulin lispro — compare figures 1 and 2. 

The results in Tables 1 and 2 can be compared to show that the total inhaled 
volume at delivery greatly effects results when administering regular human recombinant 
insulin (Table 1) but has much less of an effect when administering insulin lispro. As 
25 shown in figure 2, the blood concentration versus time insulin lispro is virtually the same 
for both the Vh and V^ maneuvers. This surprising result indicates that repeatability of 
dosing can be more readily obtained with the administration of insulin lispro by inhalation 
as compared with conventional insulin by inhalation. The results shown here indicate that 
when delivering insulin (not monomeric insulin) by inhalation the total inhaled volume 
30 should be about the same at each delivery to obtain repeatable delivery. Thus, referring to 
figure 3, insulin is released at the same point 1 for each release and then the patient 
continues to inhale to the same point 3 or 4. Preferably, the patient continues to inhale to 
point 4 or higher each time to obtain repeatable delivery. 
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The foregoing invention has been described in son« dmU b, way of HlusttaUon 
exa^pie tor purposes of chriry of u™lers»nding. Tl« ins«n. in«don is shown 
herein in wha. is considered .o be d« n»st practical and p«f=rred embod,n««s. 
recognized, however, *a, deparnrres n.y be made d«re,rom which are wiUun .he scope 
of u« invention to, obvious modincarions wil. occur ,o one sldHed in .he an upon 
reading .his disclosure. Accordingly. d» invention is limited only by d« foUowmg 
claims. 
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C L A IM S 

1 . A pharmaceutical composition for pulmonary administration comprising 
monomeric insulin. 

5 

2. The pharmaceutical composition of claim 1, wherein the monomeric insulin 
is insulin lispro. 

3. The pharmaceutical composition of claim 1, wherein the composition is an 
10 aqueous liquid. 

4. The pharmaceutical composition of claim 1, wherein the composition is a 
dry powder. 

15 5. The pharmaceutical composition of claim 1, further comprising a 

pharmaceutically acceptable carrier. 

6. An aerosolized dispersion of particles comprised of monomeric insulin. 

20 7. The aerosolized dispersion of claim 6, wherein particles in the dispersion 

have a diameter in a range of from about 1.0 micron to about 4.0 microns. 

8. The aerosolized dispersion of claim 6, wherein the monomeric insulin is 
insulin lispro. 

25 

9. The aerosolized dispersion of claim 6, wherein the monomeric insulin is in 
a liquid form. 

10. The aerosolized dispersion of claim 6, wherein the monomeric insulin is in 
30 a dry particle form. 
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